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ffifflQSIQH-flf  ALUMINUM  ALLOYS 

Th«  fundamental  mechanisms  of  the  corrosion 
of  aliainua  slloyt  In  water  et  200  to  300  C  (390  to 
^70  F)  ere  being  studied  at  Oak  Ridge.!1'  Alloy 
additions  Included  zinc,  magnesium,  copper,  Iron, 
yttrium,  and  beryllium.  Nlthln  certain  concentra¬ 
tion  ranges,  all  additives  greatly  Improved  the 
coi-to:!—  resistance  of  aluminum.  The  marked  Im¬ 
provement  occurred  when  a  second  phase  was  present. 

No  electrochemical  effect  could  be  ascribed  to  the 
second  phase  because  the  observed  reduction  In 
corrosion  rats  of  the  several  alloys  was  Independent 
of  whether  the  second  phase  was  anodic  or  cathodic 
to  the  aluminum  matrix. 

The  movement  of  Ions  through  the  passive 
film  on  aluminum  has  been  investigated  in  Norway.w) 
In  room-temperature,  high-purity  water,  passivation 
was  found  to  be  due  to  a  thin  barrier  film  10  to 
30  A  thick  adjacent  to  the  metal  surface.  The 
barrier  film  was  an  ionic  semiconductor  in  which 
the  transport  of  both  anions  and  cations  determined 
the  corrosion  rate.  The  barrier  oxide  was  found  to 
be  unstable  In  water  and  was  continuously  converted 
to  the  hydrated  bulk  oxide.  It  was  concluded  that 
the  bulk  oxide  also  was  Important  In  the  corrosion 
process  because  It  protected  the  barrier  oxide  from 
the  water. 

Corrosion  behavior  and  surface  treatments  to 
prevent  corrosion  are  among  the  subjects  covered 
In  the  data  handbooks  for  aluminum  alloy  2219  and 
Inconel  Alloy  718  recently  compiled  by  Syracuse  Uni¬ 
versity.!  3,4) 

WfflBSKM  fif.ftfflWS  ALLOTS 

Hloh-Strenoth  Steels.  The  effect  of  notches 
and  salt-wafer  corrosion  on  the  flexural  fatigue 
strength  of  HT,  HY-80,  HY-100,  HY-130/150,  and 
Marage  180  steels  has  been  studied  at  the  Marine 
Engineering  Laboratory.! 3)  It  was  found  that  both 
mechanical  notches  and  sclt-water  corrosion  were 
more  dmaaglng  In  hlgh-cyle  than  in  low-cycle  fatigue. 
The  combined  effect  of  mechanical  notches  and  salt 
mater  was  greater  than  either  separately.  The 
critical  notch-root  radius  for  HT,  HY-100,  and, 
presumably,  HY-80,  was  approximately  0.010  in., 
while  the  critical  radius  for  KY-130/150  and  Maraga 
180  mas  at,  or  less  than,  0.002  Inches.  The  high- 
cycla,  salt-watar  corros Ion- fatigue  strengths  of 
the  sharply  notched  steals  were  leas  thsn  10,000  psl 
beyond  10-mllllon  cycles,  regardless  of  tensile 
yield  strength. 
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The  affect  of  chemical  milling  on  suscepti¬ 
bility  to  hydrogen  embrittlement  of  high-strength 
steels  H-ll,  4340,  Vascojet  1000,  and  17-7  PH  has.  . 
bean  studied  at  tha  Naval  Air  Engineering  Center.'6' 
Results  indlcsted  that  the  acid  baths  used  for 
chaaical  Billing  Initially  embrittle  all  of  thasa 
alloyt  axcapt  4340,  but  that  recovery  of  ductility 
occur,  within  1  week  at  room  tanparature  If  thara 
is  no  birriar  to  tha  ascapa  of  hydrogen  (such  as 
plating).  Chemical  Increased  the  suscepti¬ 

bility  to  stress-corrosion  cracking  In  tests  con¬ 
ducted  with  H-ll  and  17-7  PH  In  3.8  percent  NeCl 
solution. 

The  susceptibility  of  hardened  steel  to  hydro¬ 
gen  embrittlement  In  black  oxide  and  zinc  phospha- 
tlzlng  processes  has  been  studied  at  Rock  Island 
Arsenal.!7)  After  the  coating  treatment,  notched 
tensile  bars  of  1045,  1095,  and  4140  steels  harden¬ 
ed  to  Rockwell  C  50  were  loaded  to  75  percent  of  the 
ultimate  notched  tensile  strength.  The  black  oxide 
treatment  produced  no  embrittlement,  but  the  phos¬ 
phate  treatment  caused  severe  hydrogen  embrittle¬ 
ment.  Baking  at  210  F  for  24  hours  was  not  suf¬ 
ficient  to  consistently  eliminate  the  embrittling 
effects  resulting  from  the  phosphate  treatment. 

STAIfflrESS. 

Conceptual  sketches  Illustrating  tha  theory 
of  Initiation  of  stress-corrosion  cracking  In 
stainless  steels  and  other  alloys  have  been  pre¬ 
pared  by  the  Ohio  State  University .10)  The  theory 
presumes  that  cracks  initiate  at  anodic  sites  where 
active  slip  planes  under  applied  stress  smsrgt  st 
the  surface  and  rupture  the  passive  oxide  film. 

This  machinists  Is  ussd  to  explain  tha  Improved  re¬ 
sistance  to  cracking  obtained  by  pxe oxidizing  s 
specimen  prior  to  exposure  to  a  crack-producing 
environment  over  that  obtained  by  exposing  tha 
specimen  directly  to  tha  environment. 

The  factors  affecting  the  critical  potential 
below  which  pitting  of  18Cr-8Nl  stainless  steal  does 
not  occur  in  aqueous  chloride  •»..uons  have  been 
studied  at  tha  Massachusetts  Institute  of  Tech¬ 
nology. !9)  It  was  found  that  Increasing  tha 
chloride-ion  concentration  shifted  the  critical 
potential  to  more  aetlve_ values,  while  the  presence 
of  other  lone,  such  C104~,  SO  ,  (©3*,  or  OH", 
shifted  the  potential  to  a  more  noble  value. 

Sufficient  concentrations  of  those  other  Ions  In¬ 
hibited  pitting.  The  critical  potential  In 
chloride  solutions  was  not  affactad  appreciably  In 
the  acid  range,  but  moved  aarkaflfe  In  Kltb  rxdSle 
direction  In  the  alkaline  range  L_/  L./  '• — 
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Batumi  G»—«:  *X",  Ren#  41,  and 

katpeloy  hav#  b##n  exposed  to  hot  exhaust  gases 
from  combustion  of  oxygen-hydrogen  In  mixture  ratios 
of  79  to  190  In  r#«#arch  conducted  at  tha  NASA- 
Merahsll  Spaca  Flight  Center.' 10 )  Firings  war#  corv- 
ductad  for  30  seconds  in  a  3600-pound-thrust  com¬ 
bustor  at  a  chaabar  prassura  of  1000  psla.  Thara 
ms  no  aroslon  or  salting  of  thaaa  materials  axcapt 
during  a  mixture  ratio  shift  through  stolchloaMtry 
in  tha  start  transient  of  one  firing. 

Avco  has  undertaken  a  study  of  sulfidation  cor¬ 
rosion  of  12  superalloys  In  JPp4R  fuel  exhaust  gasas 
containing  synthetic  sea  salt/  Initltal  results 
of  cyclic  tests  producing  120  total  hours  at  tem¬ 
perature  have  Indicated  no  sulfidation  of  a  cobalt- 
base  alloy  (X-40)  at  temperatures  to  1790  F .  Tha 
11  nlcke'-base  alloys  exhibited  varying  degress  of 
sulfidation.  In  general,  this  localized  penetration 
sias  first  detected  at  about  1490  F,  reached  a  maxi¬ 
mum  depth  of  as  much  as  20  alls  at  about  1979  F, 
and  ms  no  longer  evident  at  about  1790  F. 

On  the  other  hand,  studies  at  Allison  with 
sodium  sulfate  and  several  of  these  same  superalloys 
have  shown  a  definite  Increase  in  corrosion  and 
sulfidation  with  Increasing  temperature  in  the  range 
of  1700  to  1900  F.v 12)  Tests  runs  were  o*  900-cycle 
duration.  A  cycle  consisted  of  a  0.9-minute  spray 
of  1  percent  sodiue-aulfate  solution  between  1.9- 
minute  heating  periods. 

Hot  NgO^  The  oxidation  of  refractory  metals 
and  Alloy  718  In  flowing  1MU  at  1200  F  has  bean 
studied  by  Marquardt  .( 13)  Thirty-minute  runs  produced 
same  discoloration  but  little  might  gain  on  the 
Alloy  718  and  B-66  columbium  alloy.  Heavy  oxide 
buildup  occurred  on  unalloyed  coltanbium,  0103 
columbium  alloy,  and  unalloyed  tantalum.  The  oxide 
spalled  on  the  latter  two  materials. 

Water  end  Stem.  Tha  current  status  of  stress- 
corrosion  cracking  in  high-nlckel  alloys  has  been  re¬ 
ported  by  Corlou,  at  el.'14'  Intergrs-.lei  cracking 
ms  observed  In  stressed  Inconel  600  and  Hastelloy 
Alloy  B  exposed  to  high-purity  water  >vt  662  F  and 
in  stressed  Inconel  600  exposed  to  1112  F  steam. 

The  behavior  under  these  conditions  ms  compared 
with  the  high  susceptibility  of  these  alloys  to 
Intergranular  attack  in  boiling  nitric  acid  contain¬ 
ing  Cr+6  ions.  An  earlier  paper  by  the  International 
Nickel  Coapany  hat  shown  that  Inconel  600  (and  Type 
304  stainless  steel)  exhibited  intergranular  cracking 
in  high- temperature,  high-purity  water  when  there 
ware  crevices  at  tl*  highly  stressed  areas  and  the 
mter  contained  oxygen.'1*'  Lead  contamination  in 
high-temperature  mter  also  was  found  to  cause 
stress-corrosion  cracking  of  Inconel-600. 

The  account  of  stress-corrosion  cracking  of 
highly  stressed  Inconel  600  tubes  in  the  Agesta 
Nuclear  Power  Station  hat  been  published  by  Swedish 
scientists.'  lo,n)  The  cracks  originated  on  the  out¬ 
side  surface,  which  contacted  light  mter  at  pH  10 
(L1CH  or  NOR)  and  217  C  (423  F)  for  some  190  days. 
Cracks  were  found  in  crevices  and  on  fully  exposed 
surfaces.  Surface  contamination  at  the  creek*  ms 
found  to  be  limited  to  1  itg/em2  flour In*.  Subse¬ 
quent  laboratory  test*  In  hlgh-purlty  mter  and  In 


IK  L10H  at  220  C  (428  F)  felled  to  produce  cracks 
In  streeeed  Inconel  600  samples.  Although  ths 
cause  of  cracking  we*  not  established.  It  wee 
recommended  that  Inconel  600  be  vacuum  melted  to 
minimize  impurities,  particularly  carbon,  that 
fabrication  and  operation  stresses  be  minimized, 
and  that  crevices  and  localized  boiling  be  eliminat¬ 
ed  In  the  reactor. 

Evaporation.  Evaporation  rates  of  suparalloye 
Hastelloy  Alloy  X  end  Hanes  Alloy  29  In  helium  hav* 
been  studied  at  Bettelle-Northwest.' 1“)  Preliminary 
result*  indicate  that  evaporation  rates  Increase 
with  temperature  (2000  to  2100  F)  and  with  velocity 
above  300  ft/ tec.  Maximum  metal  evaporation  rats* 
wars  about  0.07  mlla/day. 

Seawater.  Ths  results  of  *  1-year  galvanic 
corrosion  test  in  seawater  flowing  at  2  fps  have 
bsan  reported  by  the  Navsl  Maxine  Engineering  Labs- 
retory.'19'  The  following  alloys  were  not  subject 
to  galvanic  corrosion  when  coupled  to  Monel t 
Stiliites  6K,  -68,  snd  -98M2,  T-r.t—J  G,  Cobenium, 
and  Ksnnamstal  K601.  Galvanic  corrosion  ws*  ob¬ 
served  on  the  following  alloys  when  coupled  to 
Monelt  Stellites  3  end  Star  J,  Kennametele  K162B, 
K82,  K96,  K701,  and  K801,  and  Bearlum  Metal. 


General.  Information  obtained  since  1960  on 
the  corrosion  behavior  of  tltsnlus  and  It*  alloy* 
has  beep  reviewed  by  the  Defense  Metals  Information 
Center.'20'  Included  among  the  environments  were 
selts,  mineral  acids,  gases,  liquid  metals,  snd 
organic  compounds.  Considerable  attention  wet 
given  to  the  problem  of  stress-corrosion  cracking. 

Stress-Corrosion  Cracking.  The  Titanium 
Metals  Corporation  of  America  hs*  shown  that  Ti- 
6A1-4V  alloy  does  not  stress-corrosion  crack  in 
reagent-grade  isopropyl  alcohol  alone  or  containing 
2  g/1  HC1  or  N*C1.'21'  Notched  and  unnotched  bent- 
beam  specimen*  were  exposed  9  days  at  stresses  up 
to  the  yield  strength.  Similar  tests  in  methyl 
alcohol  produced  stress-corrosion  cracking. 

The  effect  of  thermal  cycling  to  simulate 
service  conditions  on  the  hot-salt  (NsCl)  stress- 
corrosion— cracking  behavior  of  titanium  alloy*  1* 
being  studied  at  Northrop  Norelr.'22'  Cyclic  ex¬ 
posures  at  690  F  equivalent  to  nearly  10  times  the 
continuous  strest-corroslon-cracklng  nucleatlon 
time  hav*  not  produced  etress-corroelon  cracking 
In  T 1-6A1-4V  or  Ti-13V-llCr-3Al  alloys.  In  ad¬ 
dition,  cyclic  exposures  at  690  F  suppressed  growth 
rates  of  existing  stress-corrosion  cracks  and  the 
nucleatlon  of  new  cracks  in  Tl-BAl-lMo-lV  alloy. 

Ths  thermal  cycle  consisted  of  heating  to  690  F  In 
10  to  19  minutes,  holding  at  690  F  for  3  hours, 
cooling  in  49  to  90  minute*.  Continuous  exposure 
at  490  F  produced  hot-salt  stress-corrosion  crack¬ 
ing  In  Ti-SAl-lMo-lV  stressed  at  99  ksl. 

The  corrosion  behavior  of  welded  elpha-beta 
titanium  alloy*  for  application  to  submarine  hull 
piste  he:  been  reported  by  Titanium  Metals  Corpor¬ 
ation  of  America,^)  The  elloye  were  T1-6AI-4V, 
T1-6A1-SM0,  T1-4A1-0.5RO,  end  T1-7A1-2.SMO.  Cir¬ 
cuit  r-weld-pstch-  type  restraint  taste  showed  no 
evidence  of  weld-zone  cracking  In  air  or  in  tyn- 


thatic  iitmtot.  Slow  bond  teste  on  mil  Chirp y- 
lapoct  specimen*  with  0.001-lnch  machined  radius  in 
the  notch  im  revealed  that  only  tha  T1-4A1-0.5MO 
alloy  fallad  at  lowar  sustainad  loads  In  saawatar 
than  In  air. 

Tha  affact  of  fuel-tank  saalants  on  tha  atxass- 
corroslon  cracking  of  titanium  alloys  at  450  to  <00  F 
has  baan  studiad  by  TRW  Equipment  Laboratory^24) 
Currant  results  Indicate  that  Du  Pont  polyialde 
varnish  (RK692)  produced  no  delayed  failures  In  pre¬ 
cracked  apeclaens  at  temperatures  to  600  F  and 
stresses  to  95  percent  of  tha  notch  tensile  yield 
strength.  AML  trlazlne  sealant  promoted  extensive 
delayed  failure  In  relatively  short  tlmesf  while 
performance  In  Dow  Coming  fluorosllicone  elastomer 
(094-002)  was  intermediate  between  that  in  the  var¬ 
nish  and  the  triazine  sealant.  T1-13V-11CT-3A1 
alloy  was  more  *u seep tibia  to  delayed  failure  than 
T1-6A1-4V  or  Tl-8Al-U»o-lV  alloys. 

Titanium  alloys  have  been  cathodically  charged 
with  trlt*”  by  Astcopower  in  connection 

with  stress-corrosion-cracklng  studies.'25'  Auto¬ 
radiographs  showed  that  tritium  Introduced  by  ca¬ 
thodic  charging  in  trltiated  water  was  distributed 
uniformly  throughout  the  lattice  of  the  Tl-SAl-2.3Sn 
alloy.  However,  no  tritium  was  found  at  hydride 
platelets  tnat  rormed  in  the  micros txuctuze  of  this 
alloy.  In  the  T1-6A1-4V  alloy,  tritium  was  evenly 
distributed  in  the  alpha  lattice  at  low  charging- 
current  densities,  but  appeared  to  concentrate  in 
alpha-beta  and  alpha-alpha  boundaries  at  high  current 
densities.  No  tritium  was  found  in  the  beta  phase 
of  the  T 1-6A1—4V  alloy  or  In  the  all-beta  T1-13V- 
11CX-3A1  alloy. 

CORROSION  OF  REFRACTORY  ALLOYS 

Lewis  Research  Center  has  screened  57  materials 
for  throat  Inserts  for  ablative-material  nozzle 
sections. i2®J  The  propellant  was  NjO^  and  50«50  hy¬ 
drazine  i  unsyMetrical  dlmethyhydrazine.  Engine 
conditions  were  100  pels  ch«e.N*r  pressure  with  an 
oxide"*  fuel  ratio  of  2.0.  Rapid  oxidation  was  ex¬ 
perienced  with  the  refractory  metals  tantalus  and 
molybdenum  and  several  of  their  alloys.  Optlmlum 
performance  was  obtained  with  pyrolytic  silicon  car¬ 
bide  coating  on  graphite  which  withstood  four  tast 
cycles  totalling  722  seconds  before  failure. 

ttmgsraH  or  MffirmvH 

The  corrosion  of  beryllium  in  seawater  has 
been  reported  by  the  Air  Force  Institute  cf  Tech¬ 
nology.'27)  Results  of  14-day  tests  in  aerated  sea¬ 
water  at  95  F  revealed  a  corrosion  rata  of  25.9 
mlls/yr  and  pitting  to  a  maximum  depth  of  15  mils. 
Transgranular  stress-corrosion  cracking  was  observ¬ 
ed  In  59  F  seawater  at  stress  levels  of  lass  than 
one-half  the  yield  strength. 

mSTTMTlK 

The  results  of  21  months'  exposurs  in  tropical 
Panama  of  28  paint  systems  on  steel  have  been  report¬ 
ed  by  tha  Assy  Coating  and  Chemical  Laboratory.'27) 
Specimens  were  exposed  at  breakwater,  In  an  open 
field,  and  In  a  rain  forest.  It  was  found  that  no 
single  system  offered  optlaltss  corrosion  protection 
under  all  exposure  conditions.  At  the  breakwater 


site,  the  best  paint  system  was  zinc  phosphate- 
phenolic  primer-phenolic  enamel,  which  corroded 
least  at  score  marks.  At  the  other  altos,  numerous 
other  systems  performed  equally  well  or  better. 

Lockheed  has  made  a  corrosion-control  study 
of  tha  S01A  Agena  vehicle.'28)  The  corrosion  prob¬ 
lems  were  found  to  arise  primarily  from  the  in¬ 
adequacy  of  existing  costing  systems  on  magnesium 
and  from  Inadequate  methods  of  protecting  removable 
mating  surfaces. 


REFERENCES 

(1)  Peterson,  S.,  "Metals  and  Ceramics  Division 
Annual  Progress  Report  of  Period  Ending  June 
30,  1966”,  USAEC  Report  0RNL-3970,  Oak  Ridge 
National  Laboratory,  Oak  Ridge,  Tenn.  I Octo¬ 
ber,  1966). 

(2)  Vlaeo,  K.,  "Fundamentals  of  the  Corrosion  of 
Super  Pure  Aluminum  In  Water" ,  Report  KR-88 

( CONF -660514-2) ,  Institute  for  Atmaenergl 
Kjeller,  Norway  (February,  19»6) . 

(3)  Sessler,  J.,  and  Reiss,  V.,  "Materials  Data 
Handbook  -  Aluminum  Alloy  2219" ,  Report  GR- 
74545,  Syracuae  University,  Syracuse,  N.  Y., 
Contract  NAS  8-11345  (March,  1966)  MIC  No. 
66878. 

(4)  Sessler,  J.,  and  Weiss,  V.,  "Mater,  Is  Data 
Handbook  -  Inconel  Alloy  718”,  Syracuse  Uni¬ 
versity,  Syracuse,  N.  Y.,  Contract  NAS 
8-11345  (September,  1966)  MIC  No.  66882. 

(5)  Gross,  M.  R.,  snd  Czyrycs,  E.  J.,  "Effects 
of  Notches  snd  Saltwater  Corrosion  on  the 
Flexural  Fatigue  Propertlee  of  Steele  for 
Hydro spice  Vehicles",  Report  MEL  420/66, 

U.  S.  Marine  Engineering  Laboratory  (October, 
1966)  MIC  No.  66522. 

(6)  Ketcham,  S.  J.,  "Chemical  Milling  of  Alloy 
Steele",  Report  NAEC-ML-2418,  Navel  Air  En¬ 
gineering  Center,  Philadelphia,  Penn.  (March 
9,  1966)  MIC  No.  66205. 

(7)  Wolff,  R.  H.,  "Hydrogen  Embrittlesmnt  of 
Steel  In  Metal  Finishing  Processes  of  Black 
Oxlda  and  Zinc  Phoaphatlza" ,  Report  66-2008, 
U.  S.  Army  Weapons  Command,  Rock  Island  Ar- 
aenal.  Rock  laland,  Ill.  (June,  1966)  MIC 
No.  66062. 

(8)  Staehle,  R.  W.,  "A  Study  of  tha  Mechanlam  of 
Straaa-Corroelon  Cracking  in  tha  Xron-Nlckel- 
Chrcmlum  Alloy  System" ,  USAEC  Report  000- 
1319-42,  Tha  Ohio  State  University,  Coluwbue, 
0.  (August  30,  1966). 

(9)  Leckle,  H.  P.,  end  Uhllg,  H.  H.,  "Environ¬ 
mental  Factor*  Affecting  the  Critical  Po¬ 
tential  for  Pitting  In  18-6  Stalnleaa  Steal", 
Elec troche*.  Soc.,  113  (12),  1262-1267 
(December,  1966)  MIC  No.  66764. 


« 


(10)  Bailey,  C.  A.,  "A  Preliminary  Investigation 
of  Oxidixtr-Rich  Oxygen-Hydrogen  Combustion 
Characteristics" ,  Rsport  TN-D3729,  NASA- 
George  C.  Marshall  Spaea  Flight  Can tar, 
Huntavllla,  Ala.  (December  1966)  MIC  Ho. 

66^95* 

(11)  Preliminary  iufwxn.tlon  reported  by  Aveo  Cor¬ 
poration,  Stratford,  Conn,  undar  Air  Forea 
Contract  AF  33(619)-S212. 

(12)  Pralla Inary  information  raportad  by  General 
Motor*  Corporation,  Alliaon  Division, 
Indlanopolit,  Ind.,  undar  Air  Forca  Contract 
AF  33(615)  -5211. 

( 13)  Pralla Inary  information  raportad  by  Marquardt 
Corporation,  Van  Huys,  Calif.,  undar  Air  Forea 
Contract  AF  04(611)-11S39. 

(14)  Cericu,  H.,  Grail,  L.,  and  Mahlau,  C.,  •‘Sensi¬ 
tivity  to  Stresa  Corroaion  and  Intergranular 
Attack  of  High-Nickal  Austenitic  Alloys" , 
Corrosion,  52  (10),  280-290  (October,  1966) 

CHIC  No.  66468. 

(15)  Copson,  H.  A.,  and  Dean,  S.  f.,  "Effect  of 
Contaminants  on  Resistance  to  Stress-Corrosion 
Crackinq  of  Nl-Cr  Allov  600  in  Pressurized 
Hater",  Corrosion,  51  (l),  1-8  (January,  1965). 

(16)  Gromrall,  B. ,  at  al,  "Intarcryatalllna  Stress- 
Corrosion  Cracking  of  Inconel  600  Inspection 
Tubes  in  the  Agesta  Reactor",  Swedish  Report 
AE-24S,  Aktiebolsget  Atomanargi,  Stockholm, 
Swadan  (August,  1966). 

(17)  Sands txom,  S.,  "Operating  Experience  at  the 
Agesta  Nuclear  Power  Station" ,  Swedish  Report 
AE-246  and  Suppl.,  Aktiebolsget  Atosanergi, 
Stockholm,  Sweden  (September,  October,  19661. 

(18)  Dillon,  R.  L. ,  »<'S-UK  Libby-Cock»roft  Techni¬ 
cal  Exchange-Coolant  Corrosion  of  Reactor 
Materials",  US-UK  Report  BNNL-CG-846,  Battalia- 
Northwest,  Richland,  Wash.  (October  1,  1966). 

(19)  Vreeland,  D.  C.,  "Galvanic  Corroaion  Behavior 
of  Hesr-Reslatant  Materials  for  Mechanical 
Shaft  Seals",  Report  MEL  242/66  (AD  635592), 

U.  S.  Navy  Marina  Engineering  Laboratory, 
Annapolis,  Md.,  MIC  No.  66S23. 


(20)  Jackson,  J.D. ,  and  Boyd,  N.  K.,  "Corrosion  of 
TltenluaF,  MIC  Memorandum  218,  Defense  Metals 
Information  Center,  Battalia  Memorial  Institute 
Columbus,  0.  (September  1,  1966). 

(21)  Murphy,  T.  J.,  "Stress  Corrosion  of  T1-6A1-47 
in  Alcohols" ,  Research  Report,  Titanium  Metals 
Corporation  of  America,  Nest  Caldwell,  N.  J. 
(November  30,  1966)  MIC  No.  66602. 

(22)  Preliminary  information  reported  by  Noralr 
Division  of  Northrop  Corporation,  Hawthorne, 
Calif.,  under  Air  Force  Contract  33(615)-3642. 

(23)  Mitchell,  D.  R.,  and  Felge,  N.  G.,  "Evaluation 
of  the  Naval  Submarine  Hull  Plate  Alpha-Beta 
Candidate  Alloys  for  Held  Efficiency  in  1" 
Plate",  Final  Report  433/66,  Titanium  Cor¬ 
poration  of  America,  Nest  Caldwell,  N.  J., 
Contract  N-161-26047  (September,  1966)  MIC 
No.  66267. 

(24)  Preliminary  information  reported  by  TRM,  In¬ 
corporated,  Cleveland,  0,,  under  Air  Force 
Contract  AF  33(615)-3513. 

(25)  Preliminary  information  reported  by  Astropower 
Laboratory  of  Douglas  Aircraft  Company,  Newport 
Beach,  Calif.,  under  NASA  Contract  NAS  7-488. 

(26)  Mlnter,  J.  M. ,  Plews,  L.  D.,  and  Johnston,  J. R. 
Experimental  Evaluation  of  Throat  Inserts  in 

a  Storable-Propellant  Rocket  Engine" ,  Report 
NASA  Ht  X-1266,  NASA  Lewis  Research  Center, 
Cleveland,  0.  (October,  1966)  MIC  No.  66358. 

(27)  Prochko,  R.  J.,  Myers,  J.  R.,  and  Saxer,  R.  K., 
"Corrosion  of  Berylllias  by  Salt  Nater",  Ma¬ 
terials  Protection,  £  ( 12) ,  39-42  (December, 
1966)  MIC  No.  66961. 

(28)  Levy,  D.  J.,  and  Beutel,  J.,  "S01A  Corroaion 
Control  Study" ,  Tachnlcal  Memorandum  8-10-63-1 
( AD  487696) ,  Lockheed  Missiles  and  Space  Com¬ 
pany,  Sunnyvale,  Calif.,  Contract  AF-SC1A-191 
(July,  1963)  MIC  No.  66605. 


Mid  Review*  of  Recant  Developawnta  present  brief  summaries  of  information  which  has  become  available 
to  MIC  in  the  preceding  period  (usually  three  months) ,  in  each  of  several  categories.  MIC  does  not  in¬ 
tend  that  these  reviews  be  mads  a  part  of  the  permanent  technical  literature.  Copies  of  referenced  reports 
are  not  sveilaLla  C-ii  MIC)  moat  can  be  obtained  free  the  Defense  Documentation  Center,  Cameron  Station, 
Alexandria,  Virginia  22314. 


R.  N.  Endebrock,  Editor 


